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® A sample container (20) containing a urine sam- 
ple (22) is transferred by a sample positioning de- 
vice to a liquid level serving position. At this sensing 
position, the liquid level in the sample container Is 
detected by a tevel sensor (39), followed by transfer 
of,ttie sample oomainer to a dipping position. A 
liquid level rising member (40) is then inserted to the 
sampie container. Wiile t>eing held by a handling 
device, a test strip (23) is dipped into the sample in 
the sample container with the liquid level raised. 
Thereafter, the test slr^ (23) is lifted out of the 
sample container (20) and transferred to a measur- 
ing device. Color development in reagent sections 
on the test strip Is measured by a photometer in 
tenns of the reflected light strength. With the present 
invention, ^alysis using test strips can be imple- 
mented even when the sample volume sampled into 
the sampie container is small. 
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1 ' EP 0 63B 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present invention relates to an analytical s 
method and an analytical apparatus using test 
strips, and more particularly to an analytical meth- 
od and an anaiytical apparatus in which a biological 
sample such as urine or blood is caused to de- 
velop color reaction in reagent sections on test to 
strips. 

DESCRIPTION OF THE PRIOR ART 

A metliod of analyzirig using test strips, each ts 
of which is made by impregnating small strips of 
fett or the like ^^th reagents to form a plurality of 
reagent sections or test sectloris, and tx)nding the 
smaii strips to a plastic stick, has been adopted, for 
example, in a screening test for group examination 20 
and c£agnosis of diseases. An apparatus capable of 
automatically carrying out operations necessary for 
such a method is disclosed in Japanese patent 
unexamined publication 61-91571. Note that this 
Japanese patent unexamined publication 91-91571 ss 
corresponds to U.S. Patent 4376^. 

In the analytic^ apparatus of analyzing dis- 
closed in the above-cited Japanese patent unex- 
amined publication 61-91571. a test strip sullied 
from an automatic supply device one by one is 30 
held by a handling device, and the held test strip is - 
dipped into a sample liquid In a sample Container. 
After that» the test strip is lifted out of the sample 
container and transferred to a reaction table. The 
test strip Is then transported to a light detecting 39 
portion i¥here colored reagent sectiona are mea- 
sured. 

Thai prior art also discjoses an arrangement for 
measuring a sample liquid level in the sample 
container and giving an advance notice of insuffi- 4o 
ciency of the sample liquid, prior to dipping the 
test strip into the sample Kquid. Further, an ar- 
rangement for detecting the liquid level in bottles is 
disclosed In U.S. Patent 4,451.433. In this U.S. . 
Patent 4,451.433. the liquid level of reagent solu- 45 
Hons suppfied to a chemicai analyzer is detected 
by a pair of electrodes. 

In the apparatus of the above-Cited Japanese 
patent unexamined publication 61-91571. those 
samples of which volumes are not enough to make so 
the reagent sections of the test strip thoroughly 
dipped In the sample liquid are all disabled from 
measuring and, ttierefore, automatic measurement 
cannot be achieved. More specifically, the test strip 
comprises a plastic stick having a plurality of ss 
reagent sections arranged in the dii'ection of stick 
len^. To make all the reagent sections thoroughly 
dipped in a sample, it is required tiiat a sufficient 
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volume of sample has been sampled In the sample 
contains. In the practfcaJ woriclng field, however, 
samples are occasionally sampled such that the 
sample volumes are too small to provide a suffi- 
cient liquid depth in the sample containers. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
an analytical method and an analytical apparatus 
by which multi-item analysis can be performed 
using test strips ev6n when the volume of a sample 
liquid contained in a sample container is not suffi- 
cient. 

According to the present invernion, there is 
provided for an analytical method using test strips 
each of vriiich has reagent sections able to develop 
colors upon contact with a sarnple, the test strip 
t>eing dipped into a sample liquid in a sample 
container, the reagent sections being then sub- 
jected to optical measurement, wher^n the sample 
container is reduced in sectional area of its effec- 
tive volume to contain the sample liquid, hereby 
raising a surface level of the sample liquid, and the 
test strip is dipped Into the sample liquid while the 
sample fiquid level is Kept raised. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a schematic view showing the overall 
con^ction of a . urine analyzer to which the 
present Invention Is. applied. 

Figs. 2A and 2B show an example of a test 
strip; Fig. 2A Is a top plan view and Fig. 26 Is a 
side elevational view. 

Figs. 3A and 3B show a structural example of a 
cassette in which test strips are stored; Fig. 3A is a 
vertical sectional view and Fig, 38 is a front view. 

Figs. 4A, 48 and 4C show a principal part of 
the analyzer shown in Ftg. 1 and are Wustratiorts 
for ex^^aining succeseive operation steps of a sam- 
ple liquid level adjustable device. 

Fig. 5 is a flowchart showing operations of the 
analyzer shown in Rg. 1. 

Fig. 6 Is a schematic view for explaining a 
prindpa) part of another embodiment of the present 
inventton. 

Rg. 7 is a schematic view for explaining a 
principal part of a further embodiment of the 
present Invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

A sample container is supplied in a state that a 
sample liquid is contained. A test strip has a plural- 
ity of reagent sections arranged In series thereon 
corresponding to multiple analytical items. The vol- 
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ume of the sample liquid necessary for making all 
the reagent sections thoroughly dipped mto the 
sample liquid is related to the depth and sectional 
area of the sample cont^ner. as welt as the d^Mh 
by which the test strip is inserted to the sample 
container. 

For convenience of description, the surface lev- 
el of the sample liquid at which ail the reagent 
sections can thorcH^hty be capped into tfie sample 
liquid will be refenred to as a ref^nce level. The 
reference level is related to the bottom of sample 
containing ctiamber of the sample contarner and a 
level position ad^ted to completely cover the up- 
permost reagent section when the inserted test 
strip is maximally lowered. In general, the dstance 
between the bottom of sample containing chamber 
of the sample container and the lower end of the 
tost strip suspended from handling means during 
the dipping is always kept constant When the 
sample liquid level in the sampto container prior to 
dipping of the test strip does not reach the refer- 
ence level, it Is dfffk»tt to make all the reagent 
sections contacted vrith the sample liquid. To cope 
with this difficuitly, therefore, the test strip is dip- 
ped after raising the sample liqukJ level in the 
sample container. 

In order to raise the san^Me ik:|uid level, a 
liquid level rising member for reducing the sec- 
tlorml area of effective volume of the sample con^- 
talner Itself to contain the sample liquid is inserted 
to the sample container. This liquid level rising 
member preferably . comprises a rod-like member 
having the outer configuration a part of which is 
formed in conformity with the shape of an Inner 
wail of the sample container. The liqukl level rising 
member, supported in a vertically movable manner, 
is designed in tt\e configuratbn and the inserted 
position thereof so that the insertfon of the test strip 
into the sample container will not be prevented. 
When the liquid level rising member is lowered to 
enter the sample Bquid, the sample liquid level in 
the sample container is raised depending on the 
cubic volume of the liquid level rising member that 
has entered the sample Piquid. Under a state that 
the sample liquid level is equal to or Ngher than 
the reference level, the test strip is dipped into ttte 
sample liquid. All the reagent sections can thereby 
be contacted wr^ the sample Gquid for the same 
period of time, making it possible to uniformly keep 
start conditions for color developing readior^ In 
the reagent sections. 

A urine analyzer shown In Rg. 1 comprises a 
sample positioning devk» 14. a test strip automatic 
supply device 15. a test strip harKiing device 16* a 
liquid level adjustable device 18, a measuring de- 
vice 17. and a control and data proces^ng device 
19. The sample positioning device 14 includes a 
plurality of sample comainers, each containing a 
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sample liquid, arranged thereon and operates to 
successively transfer and position the sampte con- 
tainers to a test strip dipping position. The test strip 
automatic, supply device 15 accommodates a p!u- 

5 rality of test strips and operates to deliver the test 
strips one t>y one to a pick-up position. The test 
strip handing devk:e 16 grasps the delivered test 
strip, dips (t into the sample liquid in the sample 
container held at the dipping position, and there- 
to after transfer the same to a test strip setting posi- 
tion in the measuring device 17. In the measuring 
device 17. the set test strip is transferred to a 
measuring position to cc^uct a measurement. 
When dipping the test strip by the test strip har>- 

15 ding device 1 6 into the sample ik^uid, if the sample 
liqukJ level in the sample container is lower than 
the reference level at which the portion of the test 
strip that contributes to reactions for analysis of the 
test strip can thoroughly be dipped into the sample 

so liquid, the liquid level adjustable device 18 inserts a 
liquid level rising member or rod 40 into the sanr>- 
^ container to such an extent that the sample 
liquid level ts raised up to the predetentiined or 
reference level. 

25 In a preferred emtxxflment of the present in- 
ventton. the liquid level adjustable device 18 In- 
cludes a liquid level sensor. The liquid level sensor 
may be of the type tfiat electrodes are inserted to 
the sample container to detect contact of the eiec- 

30 trodes with the liquW surface, or the type that the 
liquki level is optically detected from the outside of 
the sample contalnar. Control of the extent by 
which the lk)uid level rising memt)er is inserted to 
the sample container, and operation of dipping the 

as test strip into the sample container by the test strip 
handing device 16 are performed by one of the 
following first anci second methods, or a comt)ina- 
fion of the twos. 

With the first metfiod, the sample liquid level is 

4Q measured before the liquid level rising meml>er fs 
inserted to the sample container. More specifically, 
prior to insertion of the liquid level rising member 
into the sample container, fhe Ik^uid leve( sensor of 
electrode type ie inserted to the sample container 

45 for nrteasuring the sample volume or the sample 
fiquid level in the sample container. Based on the 
measurement result. tf>e control and data process^ 
ing device 19 calculates and determined the extent 
of Irvsertion of the liquid level rising member which 

so is necessary for raising the sample liquid level in 
the sample container up to the predetemtined lev- 
el. Then, the sample liquid level adjustable device 
is operated to insert the liquid level rl^ng nriember 
into the sample container so that the sample liquid 

55 level fr\ the sample container is raised up to the 
predetermined level enough to make the test strip- 
thoroughly dipped into the sample container. After 
that, the test strip handling device is operated, to 
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dip the test strip into the sample liquid in the 
sample container. 

With the second method, the sample liqiMd 
level in the sample container is detected while 
inserting tKe liquid level rising memt>er into the 
sample container, in this case, the liquid level 
sensor is set beforehand at a desired level position. 
When the bquid level is raised to reach the sensor 
position, that liquid level is detected, v^ereupon 
the operation of inserting the fiquW level rising 
member is stopped. SpedHcaliy, after setting of the 
sensor, the liquid level adjustable device is op- 
erated to insert the liquid level rising member Into 
the sample corrtainer. thereby raising the sampde 
liquid level In ttie sample container up to the posi* 
tion detectable by the sensor. In this state, the 
sample liquid level reaches the predetermined level 
necessary for making the test strip dipped in the 
sample liquid. Thereafter, the test strip is dipped 
into the sample liquid in the sample container. 

As the liquid level rising member, there rs used 
a rod-like member formed such that the portion 
which is inserted to the sample container has a 
length at least 1/2 or more of, preferably almost 
equal to, the leng^ of the sample comainer, and 
the main portion which is dipped into the samfi^e 
liquid has a sectkmal area at least 1/5 or more, 
preferably 1/3 or more, in terms of the inner diam- 
eter of the sample container. TYie liquid level rising 
member Is configured and located In relation to the 
sample container so that the insertion of the test 
strip into the sample container will not be pre- 
vented. 

Rg. 1 shows a structural view of an automatic 
urine analyzer to which the present invention is 
apfi^ed. In the sample positioning device 14, a 
pluraGty of sample containers 20 each containing a 
wine sample to be analyzed are anranged on a 
turntable 21. The turntable 21 le turned with pre- 
determined time intervals for succes^ety transfer- 
ring tfie sainple containers 20 to a test strip dip- 
ping position B. The numb^ of tho sample contain- 
ers allowed to be kiaded on the turntable 21 (s 60 
in the illustrated embodiment. The test strip auto- 
matic supply device 15 has a function to supply 
test strips 23, which are stored t>0forehBrKl In 
place, one by one to a pick-up position A in syn- 
chronism with the analytical cycle. 

As shown in Rg. 2. the test strtp 23 cpmprises 
a rectangular stick plate or sHck 24 on which a 
plurafrty of' reagent sections (or test sections) are 
arraaiged in the directksn of stick length. The 
reagent sections respectively correspond to individ- 
ual analytical items. The test stnp 23 has a grip 
region 2 at one end side. Each reagent section 25 
is formed of a small strip of filter paper or felt 
impregnated with a reagent conresponding to the 
analytical item. In the example shown in Rg. 2[» the 



test strip includes eleven small strips in total: 
namely ten reagent sections subjected to analysis 
and one standard section for cok>r compensation. 
The test strip has an overall length of ^out 120 

3 mm and the length of region of the reagent sec- . 
tions is about 90 mm. To make the whole of the 
reagent sections thoroughly dipped into the sample 
liquid, therefore, tiie sample Ttquid in the sample 
container is required to have a Ikjuid level not 

10 lower than 80 mm. The sample container usually 
employed in urine analysis is approximately 100 
mm long. 

Rgs. 3A and 3B show the structure of a test 
strip cassette- 28 storing the test strips 23 therein. 

15 The test strips 23 are stored in the cassette 26 
such thai they are pressed toward a take-out port 
29 by a leaf spring 28 via a retainer plats 27. The 
cassette 26 is mounted to a cassette fielder 30 of 
the test strip automatic supply devtee 15. and a 

20 test strip delivery devk:e 32 c^erated by a motw 
31 delivers the test strips one by one to the pick- 
up position A. The test strip automatic supply de- 
vice 15 includes two units of cassettes 26 each 
cap^le of storing 100 pieces of the test strips 23. 

25 When one cassette 28a is exhausted up. a cassette 
change-over device 34 is turned to automatfealfy 
replacB it by the other new cassette 28b. 

The test strip handling device 18 shown in Rg. 
1 Includes a drive mecfiahism 36 for causing an 

30 arm 35 to move vertically and swing or rotate about 
a vertical shaft and a test strip grtpper (or a grip) 
37 attached to tfie distal end of the arm 35 in such 
a manner as able to detachat>ly hold the -test strip 
23 and rotate atx)ut its axis. The test strip handling 

3d device 18 grasps the test strip 23 In the pick-up 
position A, dips it into the sample liquid in the 
sample gontalner 20 positicmed in the dipping posi- 
ticm B, lifts it out of the sample Hquid after a 
predetermined period of time, and further transfers 

40 It to a test strip setting position C in the nieasuring 
device 17» followed by releasing the test strip from 
the grasped state. 

In the lk|uid level adjustable device 18 shown 
In Fig. 1, a p«rfr of liquid level sensing electrodes 

46 39a. 38b and the Uquld level rising member 40 are 
supported by the ann 41 to be suspended there- 
from (see Rg. 4). The arm 41 is operated by a 
drive mechanism 42 so that it moves horiaontally in 
directions of anrows in Fig. 1 and vertically. 

50 Operation of adjusting tlie sample liquid level 
will now be described with reference to Rgs. 1 and 
4. In the turntable 21, ttiere are provided holes 71 
in the same numt)er as holes into which the sample 
containers 20 are to be loaded. When the arm 41 is 

55 advanced toward the turntable 21 In the direction <rf 
one arrow in Rg. 1 and the liquid level sensing 
electrodes 39 are positioned at a detection position 
D. the ilqukl level rising rod (or member) 40 (s 
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located ju^ above the hole at a position 71a. Upon 
towerrng the arm 41 , the electrodes 39 are lowered 
to enter the sample container in the detection posi- 
tion D. while the rod 40 is lowered to penetrate 
through the hole at the position 71a When the arm 
41 Is retracted in the opposite direction, the rod 40 
and the electrodes 39 are positioned in a state as 
shown in Rg. 1. Whan the. arm 41 Is further re- 
tracted outwardly, the rod 40 and the electrodes 39 
are positioned above a washing tank 45. 

More spedfrcally. while the liquid level adjust- 
able device 18 is in a standby state, the rod 40 and 
the electrodes 39 are kept stopped above the 
washing tank 45. When the liquid level adjustat^ 
device 16 starts its operation, the arm 41 is ad- 
vanced inwardly so that the electrodes 39 are posi- 
tioned at the detection position D precedtfig one 
step from the dipping position B; Then, as the arm 
41 is lowered, the electrodes 39a and 39b. are 
caused to enter the sample container in the detect 
tk>n poshkm D and are stopped at such a level 
position that botfi the electrodes are contacted with 
the sample liquid surface, including a case where 
one electrode is comacted with the sample Ik^uid 
surface and the other electrode is dipped in the 
sample liquid (Rg. 4a). The contrxrf and data pro- 
cessing device 19 determines whettier the detected 
sample Bquid level or sample volunte Is not less 
than the necessary minimum level or amount. The 
r»cessary minimum level of the sample Hquid sur- 
face Is set beforehand as a fixed value depending 
on the adiustable capabitlty of the liquid level rising 
rod 40, and the set value is stored in a memory of 
a control unit 51 . 

It is set in the illustrated embodiment that the 
sample container has a length of 100 mm, the 
sample b'quid ievei necessary for making the lest 
strip thoroughly dipped Into the sample liquid is 80 
mm; and further the minimum sample fiquid level 
required to enable adjustment by the liquid level 
risihg rod 40 up to the above necessary level is 60 
mm. In a case where the sample Gquid level does 
rxit reach 60 mm, this Is regarded as insufficiency 
of the sample volume and analysis of that sample 
container Is skipped white Issuing an alarm. In .a 
case where, the sample liquid level exceeds 60 
mm, the detected signal is delivered to the control 
unit 51 where the control and data processing 
deice 19 calculates, based on the liquid vokjnr>e 
necessary for raising the sample liquid level up to 
90 mm, the numt^er of pulses applied to a pulse 
motor by which the liquid level rising rod 40 is 
Inserted to the sample container, the cakxjlated 
number of pulses being stored in a built-in storage. 

The grounding tenninal 39b of the liqukj level 
sensing electrodes has Its distal end whk:h is bent 
into a scoop shape and also serves as a stirrer 44. 
For the sample to be analyzed, the stirrer 44 is 



now moved up and down several times by operat- 
ing the arm 41 vertically so that the sample liquid 
is stirred for mixir>g. 

After that, the sample container 20 is advanced 

5 by one step for transfer to the dipping position B, 
and the arm 41 is horizontally retracted by the 
drive mechanism 42 so that the liquid level rising 
lod 40 is moved to a location just- above the 
sample container 20 In the dipping position; The 

TO. UqukJ level rising rod 40 is then inserted to the 
sample container 20 depending on the number of. 
pulses stored in the above step, followed by com- 
ing to a standstill there. This insertion of the liquid 
level rising rod 40 causes the sample liqi^ level to 

15 rise up to the level of 90 mm necessary for thor- 
ough dipping of the test strip (Fig. 4b). 

While keeping the lliquid level rising rod 40 
inserted in the sample container, the test strip 
handling device 16 is operated to canry the test 

20 strip 23 and lower the same into the sample con- 
tainer In the dipping position for dipping Into the 
sample liquid with one end of the test strip grasped 
by the grip 37 of the arm 35 (Rg. 4c). After the 
dipping for a predetermined period of. time, the grip 

25 37 is elevated to lift the test strip 23 out of the 
sample Rquld for transferring it to the test strip 
setting position C above the measuring device 17. 
At the time of reaching the setting position C, the 
handling device 16 releases a test strip 23a, on 

50 wtilch color devek)plng reacttons have started, from . 
the grip 37 to be ready for a next new test sstip. 
Thereafter, the Gquid level rising nxl 40 is lifted out 
of the sample container 20 and the arm 41 is 
horizontaBy moved toward the washing tank 45. 

35 The electrodes 39a, 39b and the liquid level rising 
it>d 40 are lowered into the washing tank 45 and 
washed with a cleaning liquid, following by eleva- 
tion to a standby position for analysis of the next 
sample. 

40- In the measuring device 17 shown in Rg. 1, 
rolled paper 46 is used to transport the test strip 
23a under the cotor deveki^Mng reactk>ns which has 
been received from the test strip handling device 
16. The rolled paper 48 Is let out and wound up t>y 

4s a reeling device 47 with predetermined time Inter- 
vals, whereby the test strip 23a placed in the 
setting position C is transported toward a fight 
detecting position E. Witfi such an arrarigemenl. 
the test strip 23a is positioned at the light detecting 

50 position E in a photometer 49 after a certain period 
of tinne from the cfipping Into the sample. 

In the photometer 49. a plurality of smaS-azed 
optical sensors of reflection type, each of' which 
comprises light sources fonned of LEDs emitting 

55 rays of light In specific wavelengths corresponding 
to analytical items, respectively, and light receiving 
elements fonned of silicon photodiodes, are ar* 
ranged in one^-one relation to positions for de- 



SNSOOCIO: <6P ^0638B»A1 

PAGE 13/51 * RCVD AT 6/3/2008 4:01:48 PM [Eastern Daylight Time] * 8VR:USPTO<EFXRF-6/10 * DNI8:2738300 « CSID:612-455-3801 « DURATION (mm-ss):18>30 



03/0672008 15:01 



6124553801 



HSML (PJK) 



Page 14/51 



EP 0 538 830 A1 



10 



tecting the reagent sections of the test strip 23a so 
that the intensity of the reflected light from each 
reagent section colored by the ongoing reaction is 
measured. The measurement results are supplied 
to the control unit 51 via an A/D converter 50 for 
processing to be indicated on a fiqiM crystal 
display and printed by a printer 53. The analyzing 
operation in the present apparatus is progressed in 
response to an input entered from a control panel 
64. The test strip on which the measurement has 
been completed is wound up by the reeling device 
47 together with the roiled paper. After the comple- 
tion of certain cycies of the measurement, the 
rolled paper wound up together with the test strips 
is removed out of the reeling device and discarded. 

f^g. 5 shows a flowchart of a program example 
for steps of analyzing operation performed In the 
analyzer of Rg. 1. The analyzing operation is start- 
ed in a state that the first one of the sample 
containers 20 loaded in the sample positioning 
device 14 is positioned at the liquid level sensing 
position D. The program for the analyzing operation 
is progressed with each cycle of 12 seconds by 
repeated q^erations of "washing the electrodes". 
**dipping the test strip** and "setting the test strip in 
the light detecting position**, during which the test 
strips are successively dipped into samples on the 
turntable of the sample positioning device 14 and 
transf^ed to the measuring device 17: The test 
strips 23a transfen^ed to the measuring device 17 
are transported with a cycle of 12 seconds such 
that each test strip Is positioned at the light detect- 
ing position E after 60 seconds from the dipping 
into the sample and measured by tfie photometer 
49 which outputs the measurement result In other 
words, with this program, the result of analysis on 
the reaction developif^ for 60 seconds after the 
dipping into the sample is ot>tained at a processing 
rate of 12 seconds for each sample. 

According to tt)e at)ove-explained embodiment, 
when the sample liquid level in die sample con- 
tainer Is in short of the level necess^ for making 
the test strip thoroughly dipped in the sample, the 
sample liquid level can be raised up to sucfi a level 
as allowing the thorough dipping of the test strip. 
Therefore, even in tiie foregoing case of using a 
test strip which has a long test region corresportd- 
ing to many analytical items, it is possible to con- 
duct analysis with a relatively small volume of the 
sample Oc^ld.to be prepared in the sample con- 
tainer, which is easy to handle. 

With the increased number of items to be 
checked in cSnical examinations. In a screening 
test of urine which uses test strips capable of color 
developing reactions, there has t>een employed 
such a test strip for multi-item analysis as including 
10 or nvore test itenis. When foading those test 
strips on an automatic analyzer, it is troutriesonoe 



and poses nerve strain for an operator to prepare 
numerous sample containers beforehand so that 
each container contains a sample liquid with its 
surface level enabling all reagent sections on the 

5 test strip to be thoroughly dipped in the sample 
liquid. Hov^rever, the embodiment shown in Fig. 1 
allows the operator to sample a volume of the 
sample liquid, which is relatively small and thus 
easy to handle, in each sample container. Addition' 

w ally, even if the volume of the sample liquid is 
sampled in a rough manner, the sample liqifid level 
can always be adjusted in the course of measure- 
ment to a height enough to make all the reagent 
sections on the test strip thoroughly dipped in the 

75 sample liquid. 

A second embodiment according to the 
present invention will next be descrit)ed with refer- 
ence to Rg. 6. Rg. 6 shows an arrangement only in 
the vicinity of the test strip dipping position B. The 

20 remaining arrangement is the same as that in the 
analyzer of Rg. 1. This second embodiment in- 
cludes a liquid level sensor for making a detection 
at a f^-edetenmlned position that must be reached 
for thorough dipping of the test strip. According to 

25 ' a method of tfie second embocSment the sensor 
detects that the sample Ikfuid level raised by in- 
serting the liquid level rising rod 40 into the sample 
container 20 has reached ttie predetermined posi- 
tion, whereupon the insertion of the liquid leve< 

3a rising rod 40 is stopped. The detecting operation is 
performed in the same step as wtien the liquid 
level rising rod 40 is inserted. More specrfk:aily. the 
sensor ccmiprises a pair of electrode 55 and 40 
(<.e., the liquid level rising rod). The electrode 55 is 

35 arranged such that it can be rotated to erner the 
sample container 20 by a drive mechanism 58 for 
OF>erating to rotate the electrode 55 Independently 
' of the liquid level rising rod 40, and is positioned to 
a level position h conrespondrng to the sample 

40 liqukl level necessary for dipping of the test strip. 

The liquid level ri^ng rod 40 is formed of 
conductive material and serves also as a negative 
electrode. With the electrode 55 thus positioned, 
the liquid level rising rod 40 is inserted to the 

45 sample container to raise the sample liqukj level 
until the electrode pair detects tftat the sample 
liquid level has reached the level position h of the 
positive electrode 55. The insertion of the liquM 
level rising rod 40 is stopped in ^response to a 

60 detectkm signal, thereby proviifing the predeter- 
mined sample Kquid level. In comparison with the 
method of Rg. 4. the method of this embodiment 
has a feature capable of cfirectly detecting the fact 
that the sample liquid level has reached the pre- 
ss determined level position. To realize this feature, 
however, it is required to provide the electrode 
drive mechanism 56 operating irufependently.of the 
liqiud level rising rod, and also take a care in ttie 
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insdrted position of the positive electrode and the 
an^ngement of the electrode drive mechanism so 
that the dipping of the test strip win not be inter- 
fered wKh. 

A third embodiment according to the present 
invention will next be describe with reference to 
Fig. 7. The emtx)diment of Rg, 7 employs optical 
means as a liquid level sensor. In Bg. 7, there are 
shown a schematic top plan view in the upper side 
and a schematic side view ia the lower side. A 
snr^^l^ZBd optical sensor which comprises a fight 
source formed of an LEO and a tight receiving 
element fonned of a silicon photodiode, is provided 
at a level position h cbnBsponding to the predeter- 
mined sample liquid level in the dipping position^ 
thereby detecting an'lval of the sample liquid level 
to the predetermined level for control of the extent 
by which tfie liquid level rising rod 40 is inserted to 
the sample container 20. If a ray at light is emitted 
to pass the center of the sample container 20. the 
Hquid level rtsing rod 40 would interfere with the 
Hght path. For this reason, the arrangement is 
made to pass the ray of light offset from the center 
of the sample container as shown. Ttw presence of 
the sample causes the tight path to bend due to 
refraction upon entering and exiting out of the 
sample, so that the magnitude of a ^nal from ttie 
sensor is reduced. By utilizing such a sign^ 
change, rising of the sample up to the predeter-. 
mined level Is detected. 

It should be noted ^t the present Invention Is 
not limited to those emtxxjiments as mentioned 
at^ovei By way of example, the sample positioning 
device may be anranged to move a rack* Instead of 
the turntable 21, for transporting samples. Also, tfie 
test strip handling device 16 may t>e arranged to 
drive the arm by moving it linearly rather than 
rotatively or swfngably. Ottier various mechanical 
transporting means than using the rotted paper 
may also t>e adopted to transport the test strips in 
the measuring device 17. in place of the photom- 
eter in which a plurafity of sensors are provided 
correspontfing to the Individual analytical items as 
Illustrated in the embodiment, It is further possible 
to carry out optical measurement while scanning 
the reagent sections on the test strip, by using a . 
photometer which has a function of Tight detection 
with a plurality of wavelengths. 

Cialnis 

1. An analytical apparatus using test strips In 
which a test strip held by a handling device is 
dipped into a sample in a sample container, 
said test strip fitted out of said sample cor>- 
tainer Is transferred from said handling device 
to a measuring device, and colored sections 
on said test strip is measured by said measur- 
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ing device, wherein: 

said analytical apparatus Includes a liquid 
level adjustable' device having a liquid level 
rising member which can be inserted to said 
5 sample container, and said handling device 

dips said test strip into the sampie in said 
sample container while said liquid level rising 
member is kept inserted in sakj sample corh 
tainer, 

10 

2. An andlyGcal apparatus using test strips ac- 
cording to cl^m 1, wherein s^d liquid level 
adjustable device operates, by using said liq- 
uid level rising memtier. to change a depth of 
fs the sample in said sample container so that all 
reagent sections on said test strip are dipped 
into the sample. 

An analytical apparatus using- test strips ac- 
20 cording to dalm 1, further comprising liquid 
level sensirig means adapted to determne the 
extent by which sidd liquid level rising member 
should be inserted to sakj sampie container. 

25 4. An analytical apparatus using test stiips whk:h 
comprises a sample positioning device for po- 
sitioning sample containers, each containing a 
sample liquids to a predetermined position, and 
a test strip handling device for dipping a test 

90 strip with . reagent sections formed thereon into 
the sample liquid in said sample container at 
said predetennined position and then transfer- 
ring the test strip to a measuring device. 
' wherein said analytical apparatus includes a 

35 liquid leveJ adjustat>le device for insertiiig a 

liqukl level rising mem t)er into said sample 
container at said pw^etennnined position for 
raising a sample liquid level in said sample 
container. 

40 

5. An analytical apparatus using test strips ac- 
cording to claim 4, further comprising fiquid 
level sensing means adapted to detect the 
sample liquid level in said sample container* 
45 wherein the depth by which said liquid level 
rising member should be inserted to saki sam- 
ple container is oontroUed based on a signal 
from said llqukl level sensing means. 

so 6. An analytical apparatus using test strips ac- 
cording to claim 4. wherein said liquid level 
rising member comprises a vertically movable 
rod-like member and said liqukjl level rising 
member has the outer configuration a part of 

55 which is formed in conformity with the shape 
of an inner wall of said sampie container. 
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7. An analytical apparatus using test strips, com- 
(Hising a iic^ level adjustable device pro- 
vided with a level rising member which 
reduces the sectional area of ^ective volume 
of said sample contafner to contain a sample 
liquid, when inserted to said sample container, 
for raising a surface level of the santple liqtnd. 
«and a test strip handling device for dipping a 
test strip with reagent sections formed thereon 
into ^e sample liquid in said sample container 
white S£ud liquid level rising memt>er is kept 
inserted In said sample container by stfd liquid 
level adjustable device. 

8. An analytical nr^ethod using test strips each of 
which has reagent sections abto to develop 
colors upon contact with a sample, said test 
strip being dipped into a sample liquid in a 
sample container, said reagent sections being 
then subjected to optical measurement, 
wherein said sample container is reduced in 
the sectional area of Its effective volume to 
contain tf^ sample liquid, thereby raising a 
surface level of the sample Squid, and said test 
strip Is dipped into the sample liquid while the 
sample liquid level is l(ept raised, 

9. An analytical method using test strips accord- 
ing to claim 6, wherein a Bquid level rising 
member is Inserted to said sample container 
for reducing ttie sectional area of effective vol- 
xAne of said sample qoniainer tb contain the 
sample liquid. 

ia An analyticai method using test strips accord- 
ing to claim 9» wherein prior to insertion of said 
liquid level rising member into said sample 
container, the sample liqiid level In said sam- • 
pie container is detected and the depth by 
which said liquid level rising member should 
be inserted is controlled depending on the 
detected sample liquid level. 

11. An analytical rnethod using test strips accord- 
ing to claim 9, wherein said liquid level rising 
member is gradually inserted to said sample 
container, and wf)en the sample liquid level 
reaches a predetermined level, ttie insertion 
movement of said fiquid level rising member is 
stopped. 

12. A sample liquid handling method wherein un- . 

a condition that a liquid level risir>g mem- 
ber for reducing the sectional area of effective 
volume of a sample container to contain a 
sample liquid is inserted in said sample coty- 
tainer, a test strip with a plurality of reagent 
sections formed in the direction of strip length 



is dipped into the sample liquid, and after 
taking said test strip out of said saniple con- 
tainer, said liquid level rising member is re* 
moved from said sample container. 

5 

13. An analytical method using test strips wtieran 
prior to dtppirtg a test strip into, a sample 
contair>er, whether a surface level of a sample 
fiquid in said sample container has reached a 

to reference level or not is determined leased on 
a signal from a Gquid level sensor, and wfien 
the sample liquid tevei has not r6acf>ed said 
reference level, a fiquid level rising member is 
Inserted to said sample container lor raising 

IS the sample liquid level until the sample liquid 
level reaches said reference level. 

14. An analytical method using test strips accord- 
ing to daim 13. wherein said sample contairier 

20 is transfened to be successively positioned to 

a liquid level sensing position and a test strip 
dlppirtg position such lhat liquid level sensing 
electrodes are inserted to said sample con- 
tainer in said Bc^d level sensing position and 

25 said liquid level risirig member and said test 

strip are both inserted to said sample comainer 
in said test strip dipping position. 

16. An analytical method using test strips accord- 
so ing to claim 13. wherein when the volume of 
the sample liquid fan said sample container is 
so small that the sample Qquld level cannot 
reach said reference level even after said liq- 
uid level rising memt^er is fully inserted down 
35 to the allowable maximurh depth, an alarm is 

issued to give a notice of insufficient volume of 
the sample liquid. 
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